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Simultaneous chemical and sensory analysis with multidimensional GC-
MS-Olfactometry
Abstract
Simultaneous chemical and sensory analysis with multidimensional gas chromatography-mass spectrometry-
olfactometry (mdGC-MS-O) combine classic chromatographic separations with sensory analyses. Trained
panelist and human nose is used as a detector simultaneously recording olfactory responses (aromagrams)
with chemical separations (chromatograms). Analysis of chromatograms and aromagrams enables separation
of odor- (or aroma-) causing compounds in very complex matrixes. Multidimensional chromatography by
heart-cutting with Dean’s switch enhances chromatographic separations. Combined with the sensory analyses,
it allows for isolation and ultimately, identification of odor-causing compounds. Mass spectrometry detection
allows for identification and quantification of specific target compounds. The objective of this paper is an
introductory overview of simultaneous chemical and sensory analyses using multidimensional GC-MS-
Olfactometry.
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ɄԧɩԧɥɲɟɦɞɿȽɏɆɋɨɥɶɮɚɤɬɨɦɟɬɪɢɹԥɞɿɫɿɦɟɧɛɿɪɦɟɡɝɿɥɞɿɤɯɢɦɢɹɥɵԕɠԥɧɟɫɟɧɫɨɪɥɵԕɬɚɥɞɚɭ
ɄԧɩԧɥɲɟɦɞɿɝɚɡɞɵɯɪɨɦɚɬɨɝɪɚɮɢɹɦɚɫɫɫɩɟɤɬɪɨɦɟɬɪɢɹɨɥɶɮɚɤɬɨɦɟɬɪɢɹɤԧȽɏɆɋɈԥɞɿɫɿɦɟɧɛɿɪɦɟɡɝɿɥɞɿɤ
ɯɢɦɢɹɥɵԕ ɠԥɧɟ ɫɟɧɫɨɪɥɵԕ ɬɚɥɞɚɭ ɤɥɚɫɫɢɤɚɥɵԕ ɯɪɨɦɚɬɨɝɪɚɮɢɹɥɵԕ ɛԧɥɭɞɿ ɠԥɧɟ ɫɟɧɫɨɪɥɵԕ ɬɚɥɞɚɭɥɚɪ-
ɞɵɛɿɪɿɤɬɿɪɟɞɿԚɣɪɟɬɿɥɝɟɧ ɨɩɟɪɚɬɨɪɠԥɧɟ ɚɞɚɦɧɵԙɦԝɪɧɵɢɿɫ ɛɟɥɝɿɥɟɪɿɧ ɚɪɨɦɚɝɪɚɦɦɚɥɚɪɠԥɧɟ ɯɢɦɢɹɥɵԕ
ɛԧɥɿɧɭɞɿ ɯɪɨɦɚɬɨɝɪɚɦɦɚɥɚɪ ɛɿɪɦɟɡɝɿɥɞɟ ɠɚɡɚɬɵɧ ɞɟɬɟɤɬɨɪ ɪɟɬɿɧɞɟ ԕɨɥɞɚɧɵɥɚɞɵ ɏɪɨɦɚɬɨɝɪɚɦɦɚɥɚɪ ɦɟɧ
ɚɪɨɦɚɝɪɚɦɦɚɥɚɪɞɵԙɬɚɥɞɚɭɵԧɬɟɤԛɪɞɟɥɿɦɚɬɪɢɰɚɥɚɪɞɚɢɿɫɿɛɚɪɚɪɨɦɚɬԕɨɫɵɥɵɫɬɚɪɞɵɛԧɥɭɝɟɤԧɦɟɤɬɟɫɟɞɿ
Ⱦɢɧɚɭɵɫɬɵɪԑɵɲɵɛɚɪɤԧɩԧɥɲɟɦɞɿɝɚɡɞɵɯɪɨɦɚɬɨɝɪɚɮɢɹɯɪɨɦɚɬɨɝɪɚɮɢɹɥɵԕɛԧɥɿɧɭɞɿɠɚԕɫɚɪɬɚɞɵɋɟɧɫɨɪɥɵԕ
ɬɚɥɞɚɭɥɚɪɦɟɧԛɣɥɟɫɿɩɨɥɢɿɫɲɵԑɚɪɚɬɵɧԕɨɫɵɥɵɫɬɚɪɞɵɢɡɨɥɹɰɢɹɥɚɩɚԕɵɪɵɧɞɚɚɧɵԕɬɚɭԑɚɦԛɦɤɿɧɞɿɤɛɟɪɟɞɿ
Ɇɚɫɫɫɩɟɤɬɪɨɦɟɬɪɢɹɥɵԕ ɚɧɵԕɬɚɭ ɛɟɥɝɿɥɿ ɧɵɫɚɧɚɥɵԕ ԕɨɫɵɥɵɫɬɚɪɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɹɥɚɭԑɚ ɠԥɧɟ ɫɚɧɞɵԕ
ɚɧɵԕɬɚɭԑɚɦԛɦɤɿɧɞɿɤɛɟɪɟɞɿȻɟɪɿɥɝɟɧɠԝɦɵɫɬɵԙɦɚԕɫɚɬɵɤԧɩԧɥɲɟɦɞɿȽɏɆɋɨɥɶɮɚɤɬɨɦɟɬɪɢɹɧɵԕɨɥɞɚɧɵɩ
ɛɿɪɦɟɡɝɿɥɞɿɤɯɢɦɢɹɥɵԕɠԥɧɟɫɟɧɫɨɪɥɵԕɬɚɥɞɚɭɥɚɪɞɵԙɤɿɪɿɫɩɟɲɨɥɭɵɛɨɥɵɩɬɚɛɵɥɚɞɵ
Ɍԛɣɿɧɫԧɡɞɟɪɝɚɡɞɵɯɪɨɦɚɬɨɝɪɚɮɢɹɦɚɫɫɫɩɟɤɬɪɨɦɟɬɪɢɹɨɥɶɮɚɤɬɨɦɟɬɪɢɹɫɟɧɫɨɪɥɵɬɚɥɞɚɭɥɚɪɚɪɨɦɚɬɢɿɫ
ɤԧɩԧɥɲɟɦɞɿɯɪɨɦɚɬɨɝɪɚɮɢɹȾɢɧɚɭɵɫɬɵɪԑɵɲɵ
əɰɟɤȺɄɨɡɢɟɥ
ɈɞɧɨɜɪɟɦɟɧɧɵɣɯɢɦɢɱɟɫɤɢɣɢɫɟɧɫɨɪɧɵɣɚɧɚɥɢɡɦɟɬɨɞɨɦɦɧɨɝɨɦɟɪɧɨɣȽɏɆɋɨɥɶɮɚɤɬɨɦɟɬɪɢɢ
Ɉɞɧɨɜɪɟɦɟɧɧɵɣɯɢɦɢɱɟɫɤɢɣɢɫɟɧɫɨɪɧɵɣɚɧɚɥɢɡɫɦɧɨɝɨɦɟɪɧɨɣɝɚɡɨɜɨɣɯɪɨɦɚɬɨɝɪɚɮɢɟɣɦɚɫɫɫɩɟɤɬɪɨɦɟɬɪɢɟɣ
ɨɥɶɮɚɤɬɨɦɟɬɪɢɟɣ ɦɦȽɏɆɋ2 ɨɛɴɟɞɢɧɹɟɬ ɤɥɚɫɫɢɱɟɫɤɨɟ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɟ ɪɚɡɞɟɥɟɧɢɟ ɫ ɫɟɧɫɨɪɧɵɦɢ
ɚɧɚɥɢɡɚɦɢɈɛɭɱɟɧɧɵɣɨɩɟɪɚɬɨɪɢɱɟɥɨɜɟɱɟɫɤɢɣɧɨɫɢɫɩɨɥɶɡɭɸɬɫɹɜɤɚɱɟɫɬɜɟɞɟɬɟɤɬɨɪɚɨɞɧɨɜɪɟɦɟɧɧɨɡɚɩɢ-
ɫɵɜɚɸɳɟɝɨɨɛɨɧɹɬɟɥɶɧɵɟɨɬɤɥɢɤɢɚɪɨɦɚɝɪɚɦɦɵɢɯɢɦɢɱɟɫɤɨɟɪɚɡɞɟɥɟɧɢɟɯɪɨɦɚɬɨɝɪɚɦɦɵȺɧɚɥɢɡɯɪɨɦɚ-
ɬɨɝɪɚɦɦɢɚɪɨɦɚɝɪɚɦɦɩɨɡɜɨɥɹɟɬɪɚɡɞɟɥɢɬɶɫɨɟɞɢɧɟɧɢɹɢɦɟɸɳɢɟɡɚɩɚɯɚɪɨɦɚɬɜɨɱɟɧɶɫɥɨɠɧɵɯɦɚɬɪɢɰɚɯ
ɆɧɨɝɨɦɟɪɧɚɹɯɪɨɦɚɬɨɝɪɚɮɢɹɫɩɟɪɟɤɥɸɱɚɬɟɥɟɦȾɢɧɚɩɨɜɵɲɚɟɬɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɟɪɚɡɞɟɥɟɧɢɟȼɫɨɱɟɬɚɧɢɢ
ɫɫɟɧɫɨɪɧɵɦɢɚɧɚɥɢɡɚɦɢɨɧɚɩɨɡɜɨɥɹɟɬɢɡɨɥɢɪɨɜɚɬɶɢɜɤɨɧɟɱɧɨɦɫɱɟɬɟɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶɫɨɟɞɢɧɟɧɢɹɜɵ-
ɡɵɜɚɸɳɢɟɡɚɩɚɯɆɚɫɫɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɟɨɩɪɟɞɟɥɟɧɢɟɩɨɡɜɨɥɹɟɬɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶɢɤɨɥɢɱɟɫɬɜɟɧɧɨɨɩɪɟ-
ɞɟɥɹɬɶɤɨɧɤɪɟɬɧɵɟɰɟɥɟɜɵɟɫɨɟɞɢɧɟɧɢɹɐɟɥɶɸɞɚɧɧɨɣɪɚɛɨɬɵɹɜɥɹɟɬɫɹɜɜɨɞɧɵɣɨɛɡɨɪɨɞɧɨɜɪɟɦɟɧɧɵɯɯɢɦɢ-
ɱɟɫɤɢɯɢɫɟɧɫɨɪɧɵɯɚɧɚɥɢɡɨɜɫɢɫɩɨɥɶɡɨɜɚɧɢɟɦɦɧɨɝɨɦɟɪɧɨɣȽɏɆɋɨɥɶɮɚɤɬɨɦɟɬɪɢɢ
Ʉɥɸɱɟɜɵɟɫɥɨɜɚɝɚɡɨɜɚɹɯɪɨɦɚɬɨɝɪɚɮɢɹɦɚɫɫɫɩɟɤɬɪɨɦɟɬɪɢɹɨɥɶɮɚɤɬɨɦɟɬɪɢɹɫɟɧɫɨɪɧɵɟɚɧɚɥɢɡɵɚɪɨɦɚɬ
ɡɚɩɚɯɦɧɨɝɨɦɟɪɧɚɹɯɪɨɦɚɬɨɝɪɚɮɢɹɩɟɪɟɤɥɸɱɚɬɟɥɶȾɢɧɚ
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&KHPLFDO DQDO\VHV RI RGRU DQG DURPD LV RQH
RIWKHPRVWFKDOOHQJLQJRIDQDO\WLFDOWDVNV7KLVLV
EHFDXVHWKHRGRUFRPSRQHQWVDUHRIWHQSUHVHQWDW
YHU\ORZFRQFHQWUDWLRQVWKDWDUHEHORZGHWHFWLRQOL-
PLWVRIFKHPLFDOGHWHFWRUV2IWHQFRPSRXQGVFDX-
VLQJRGRU DUH SUHVHQW LQ D FRPSOH[PDWUL[ RI OHVV
LPSRUWDQWRULUUHOHYDQWDQDO\WHV7KXVWKH\FRXOGEH
HDVLO\RYHUORRNHGE\VNLOOHGDQDO\VWVWKDWQDWXUDOO\
IRFXVRQFKURPDWRJUDSKLFVHSDUDWLRQVDQGGHWHFWRU
UHVSRQVHV <HWPRVW RI µUHDOOLIH¶PDWUL[ DUH YHU\
FRPSOH[PL[WXUHVRIKXQGUHGV LIQRW WKRXVDQGVRI
FRPSRXQGV
,W LV JHQHUDOO\ DFFHSWHG WKDW RGRUV DQG DUR-
PDVSHUFHLYHGE\KXPDQQRVHDUHGH¿QHGDVPDOO
VXEVHW RI FRPSRXQGV LQ WKHVH FRPSOH[ PL[WXUHV
7KHVH µRGRUGH¿QLQJ¶RU µDURPDGH¿QLQJ´FRPSR-
XQGVDUHRIWHQFKDUDFWHUL]HGE\ORZRGRUGHWHFWLRQ
WKUHVKROGV '7V  2GRU '7V DUH GH¿QHG DV JDV-
SKDVHFRQFHQWUDWLRQVRIFRPSRXQGVYDSRUVZKLFK
FDQEH¿UVWGHWHFWHGE\RIKXPDQSRSXODWLRQ
6RPHRGRUGH¿QLQJFRPSRXQGVKDYH'7VUDQJLQJ
IURPSDUWSHUPLOOLRQWREHORZSDUWSHUTXDGULOOLRQ
'7VIRUPDQ\FRPSRXQGVDUHXQNQRZQRUVLPSO\
XQDWWDLQDEOHZLWKFXUUHQWVHQVLWLYLWLHVRIDQDO\WLFDO
HTXLSPHQW 7KXV KXPDQQRVH XVHG DV D GHWHFWRU
FDQEHDYHU\XVHIXODSSURDFKWRLVRODWHDQGLGHQWLI\
NH\ FRPSRXQGV LQ FRPSOH[PL[WXUHV WKDW DUH UHV-
SRQVLEOHIRUWKHRYHUDOORGRUDQGDURPDRIDFRP-
SOH[PL[WXUH
6LPXOWDQHRXV FKHPLFDO DQG VHQVRU\ DQDO\VLV
HJ *& FRPELQHGZLWK VQLII SRUW DND *&2
WKDW FRPELQHVROIDFWRPHWU\ DQG WKHXVHRI KXPDQ
QRVH DV D GHWHFWRUZLWK FRQYHQWLRQDO JDV FKURPD-
WRJUDSK\ FDQ EH XVHIXO WR LVRODWH DQG VHSDUDWH LQ
PDQ\DSSOLFDWLRQV0XOWLGLPHQVLRQDO*&062LV
IHZVWHSVDKHDGRI WKHFRQYHQWLRQDO*&2DSSUR-
DFKE\RIIHULQJLGHQWL¿FDWLRQDQGTXDQWL¿FDWLRQ
FDSDELOLWLHVZLWK06DQGaIROGLQFUHDVHLQ
FKURPDWRJUDSKLF VHSDUDWLRQ DVVRFLDWHG ZLWK PXO-
WLGLPHQVLRQDO *&  0XOWLGLPHQVLRQDO *& EDVHG
RQ WKH'HDQ¶V VZLWFK DQG KHDUWFXWWLQJ QRW WR EH
FRQIXVHGZLWKFRPSUHKHQVLYH*&[*&DOORZVIRU
DGGLWLRQDOLPSURYHPHQWVLQLVRODWLQJRGRUGH¿QLQJ
FRPSRXQGVLQYHU\FRPSOH[PL[WXUHV
7KH REMHFWLYH RI WKLV SDSHU LV DQ LQWURGXFWR-
U\ RYHUYLHZ RI VLPXOWDQHRXV FKHPLFDO DQG VHQ-
VRU\ DQDO\VHV XVLQJ PXOWLGLPHQVLRQDO *&06
2OIDFWRPHWU\
0HWKRGV

0XOWLGLPHQVLRQDO*&062OIDFWRPHWU\ V\V-
WHPVDUHXVHGIRUWKHVHSDUDWLRQLVRODWLRQLGHQWL-
¿FDWLRQDQGTXDQWL¿FDWLRQRIFRPSRXQGVLQYHU\
FRPSOH[ PDWUL[HV RI KXQGUHGV LI QRW WKRXVDQGV
RI FRPSRXQGV2OIDFWRPHWU\ DQDO\VHV XVLQJ KX-
PDQ QRVH DV D GHWHFWRUZHUH VLPXOWDQHRXVZLWK
FKHPLFDODQDO\VLVYLDWKH067KH0'*&062
V\VWHP LV HTXLSSHG ZLWK WZR FROXPQV LQ VHULHV
ZLWKDV\VWHPRIYDOYHVDOORZLQJWUDQVIHURIVDP-
SOHVEHWZHHQFROXPQVEDVHGRQWKH'HDQ¶VVZLWFK
FRQFHSWKHDUWFXWWLQJ6FKHPDWLFLVSUHVHQWHGLQ
)LJXUH
7KH PG*&062 0LFURDQDO\WLFV 5RXQG
5RFN7;V\VWHPFRQVLVWVRIDFRQYHQWLRQDO*&
06 $JLOHQW 1*&  06 IURP$JLOHQW
,QF:LOPLQJWRQ'(DQG),'ZLWKDQDGGLWLRQDO
VQLIISRUWIRUROIDFWRU\DQDO\VLV7KLVV\VWHPLVHTX-
LSSHGZLWKFDSLOODU\FROXPQVLHDP[
PP,'QRQSRODUSUHFROXPQ0RGHO6*(%3
6*($XVWLQ7;DQGDP[PP,'SRODU
DQDO\WLFDO FROXPQ 0RGHO 6*(%3 6*( FRQ-
QHFWHG LQ VHULHV DORQJZLWKD V\VWHPRIYDOYHVDO-
ORZLQJWKHWUDQVIHURIDJDVVDPSOHEHWZHHQWKHWZR
FROXPQV DND KHDUWFXWWLQJ  7KHPG*&062
LVFRQQHFWHGWRDFRPSXWHUZLWKDV\VWHPDXWRPD-
WLRQVRIWZDUH0XOWL7UD[0LFURDQDO\WLFVDQGGDWD
DFTXLVLWLRQ VRIWZDUH$URPD7UD[ 0LFURDQDO\WLFV
%HQFK7RS3%03DOLVDGH&RUSRUDWLRQ,WKDFD1<
DQG06'&KHP6WDWLRQ$JLOHQW
7KH WRWDO VDPSOH UXQ WLPH IRU HDFKDQDO\VLV LV
W\SLFDOO\ PLQ7KH FDUULHU JDV LV+H 
SXULW\ 7KH RYHQ VWDUW WHPSHUDWXUH LV  & DQG
KHOGFRQVWDQWIRUPLQ2YHQWHPSHUDWXUH LV WKHQ
LQFUHDVHVIURP&WR&DWD&PLQUDP-
SLQJUDWHDQGUHDFKHV WKH¿QDO WHPSHUDWXUHRI
&ZKHUHLWLVKHOGIRUPLQ%DFNÀXVKRIWKH
SUHFROXPQRFFXUUVIURPPLQWRPLQWRSUHSD-
UHWKHV\VWHPIRUWKHQH[WVDPSOH7KH*&LVRSH-
UDWHG LQ D FRQVWDQWSUHVVXUHPRGHZKHUH WKHPLG-
SRLQW SUHVVXUH LH SUHVVXUH EHWZHHQSUHFROXPQ
DQGFROXPQ)LJXUHLVDOZD\VDWSVLDQGWKH
KHDUWFXWVZHHSLVSVL7KH),'FRQQHFWHGWRWKH
SUHFROXPQLVPDLQWDLQHGDW&ZLWKD+ÀRZUDWHRIP/PLQDQDLUÀRZUDWHRIP/PLQ
DQGWKHPDNHXS1ÀRZUDWHRIP/PLQ7KH),'GDWDDFTXLVLWLRQUDWHLV+]7KH06LVFRQQHFWHG
WRWKHSRODUFROXPQ)LJXUHDQGWKHWUDQVIHUOLQH
LVPDLQWDLQHGDWWHPSHUDWXUHRI&
ȼɟɫɬɧɢɤɄɚɡɇɍɋɟɪɢɹɯɢɦɢɱɟɫɤɚɹʋ
 6LPXOWDQHRXVFKHPLFDODQGVHQVRU\DQDO\VLVZLWKPXOWLGLPHQVLRQDO*&062OIDFWRPHWU\
6LPXOWDQHRXV VHQVRU\ HYDOXDWLRQV DUH PDGH
WKURXJKWKHVQLIISRUW)LJXUHHTXLSSHGZLWKWZR
FDSLOODU\FROXPQV2QO\RQHRIWKHPGHOLYHUVDVDP-
SOHWRDSDQHOLVWGHSHQGLQJRQWKHLQVWUXPHQWPRGH
)LJXUHVLHZLWKRUZLWKRXWKHDUWFXWWLQJ7KH
WHPSHUDWXUH IRU WKHVQLIISRUWFDSLOODULHVDUHVHW WR
&WRHOLPLQDWHYDSRUVFRQGHQVDWLRQ,QDGGL-
WLRQ KXPLGL¿HG DLU LV FRQVWDQWO\ GHOLYHUHG WR WKH
VQLIISRUWDWSVLWRPDLQWDLQDFRQVWDQWKXPLGLW\
OHYHO IRU WKH SDQHOLVWV¶ PXFRXV QDVDO PHPEUDQHV
7KH WLS RI WKH VQLII SRUW LV HTXLSSHGZLWK D JODVV
QRVHFRQH6*(3DUW
0XOWLGLPHQVLRQDO FDSDELOLW\ LV W\SLFDOO\
XVHGIRUEHWWHUVHSDUDWLRQRIJDVHVDQGRGRUVRI
FRPSRXQGV DVVRFLDWHGZLWK VZLQHPDQXUH7KH
0'*&062 V\VWHP ZDV FDSDEOH RI ZRUNLQJ
LQPRGHV LH*&),'RQO\*&),'2DQG
*&062 7KH 0XOWL7UD[ V\VWHP VRIWZDUH LV
XVHG WR FRQWURO WKH WLPLQJRI YDOYHV DQGKHDUW-
FXWV +& IRU HDFKPRGH +HDUWFXW LV GHILQHG
DVDSRUWLRQRIVDPSOH³FXW´IURPWKHQRQSRODU
SUHFROXPQDQGWUDQVIHUUHGWRWKHSRODUFROXPQ
&RPSRXQGV DUH IXUWKHU VHSDUDWHG RQ WKH SRODU
FROXPQDQGWKHQVLPXOWDQHRXVO\DQDO\]HGRQWKH
PDVV VHOHFWLYH GHWHFWRU DQG VQLII SRUW E\ D SD-
QHOLVWV:KHQ WKH+& YDOYH LV RSHQHG WKH JDV
VDPSOH LV WUDQVIHUUHG IURP WKH SUHFROXPQ LQWR
WKHSRODUFROXPQ)LJXUH:KHQWKH+&YDOYH
LV FORVHG WKH JDV VDPSOH VWRSSHG IORZLQJ LQWR
WKHSRODUFROXPQ0XOWLSOH+&VFDQEHVHOHFWHG
IRURQHUXQ7KH+&VFRXOGEHDVVKRUWDVVHF
DQGORQJDVHQWLUHUXQ
)LJXUH±6FKHPDWLFRIPXOWLPHQVLRQDO*&062OIDFWRPHWU\V\VWHPIRUVLPXOWDQHRXVFKHPLFDODQGVHQVRU\DQDO\VHV
 )LJXUH - Schematic of multimensional GC-MS-Olfactometry system for simultaneous chemical and sensory analyses 
 

Notes: 
1: MultiTrax Controller 
2: PrecolumnSniffPort Selector 
3: Heartcut Valve 
4: CO2 Cryotrap 
5: Precolumn Backflush 
6: Solenoid 
7: Filter 
8: Injector 
9: Backflush Sweep 
10: Fixed Restrictor to Inlet 
11: Liquid CO2 Feed  
12: CO2Cryotrap 
13: Midpoint Pressure 
14: Heartcut Sweep 
15: Non-Polar Pre-column 
16: Polar Column 
17: Fixed Restrictor to MSD 
18: Open Split Interface (OSI) 
19: OSI Sweep 
20: Humidifier 
21: Air in 
22: SniffPort
6FKHPDWLFRIPXOWLGLPHQVLRQDOJDV
FKURPDWRJUDSK\PDVV
VSHFWURPHWHUROIDFWRPHWU\V\VWHP
MSD 
FID 
1 
6 7 
8 
9 
10 
11 
12 
13 
14 
15 16 
17 
19 
18 
20 
 22
5 
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)LJXUHVKRZVWKHDFWXDOSKRWRRIVXFKV\VWHPDWWKH$WPRVSKHULF$LU4XDOLW\/DERUDWRU\DW,RZD6WDWH8QLYHUVLW\
)LJXUH
 
 
6FKHPDWLFRIPXOWLGLPHQVLRQDOJDV
FKURPDWRJUDSK\PDVV
VSHFWURPHWHUROIDFWRPHWU\V\VWHP
)LJXUH±0XOWLPHQVLRQDO*&062OIDFWRPHWU\V\VWHPIRUVLPXOWDQHRXVFKHPLFDODQGVHQVRU\DQDO\VHV*DVVDPSOHVFRXOGEHLQ-
WURGXFHGXVLQJHLWKHUVRUEHQWWXEHVZLWKWUDSSHGJDVHVDQGWKHWKHUPDOGHVRUSWLRQ7'DXWRVDPSOHUVROLGSKDVHPLFURH[WUDWLRQ
630(RUGLUHFWLQMHFWLRQ
5HVXOWV
7KHIROORZLQJVHFWLRQVIXUWKHUGLVFXVVHVDQGLO-
OXVWUDWHVKRZ WKHPG*&062OIDFWRPHWU\ V\VWHP
LVXVHGIRUVLPXOWDQHRXVFKHPLFDODQGVHQVRU\DQD-
O\VHV 7UDLQHGSDQHOLVWVSODFHVKLVKHUQRVHDW WKH
VQLII SRUW )LJXUHV  DQG DQG UHFRUGV  VLJQDOV
VLPXOWDQHRXVO\ ZLWK RQJRLQJ FKHPLFDO DQDO\VHV
3DQHOLVWZRUNVZLWK WKH WRXFKVFUHHQSDQHO WKDW LV
VKRZQLQ)LJXUHVDQG
ȼɟɫɬɧɢɤɄɚɡɇɍɋɟɪɢɹɯɢɦɢɱɟɫɤɚɹʋ
60 6LPXOWDQHRXVFKHPLFDODQGVHQVRU\DQDO\VLVZLWKPXOWLGLPHQVLRQDO*&062OIDFWRPHWU\
 
 
)LJXUH  Full screen view of the sensory panel screen.  On-going chemical analyses (chromatogram) can be hidden 

)LJXUH
)LJXUH±)XOOVFUHHQYLHZRIWKHVHQVRU\SDQHOVFUHHQ2QJRLQJFKHPLFDODQDO\VHVFKURPDWRJUDP 
FDQEHKLGGHQIURPWKHSDQHOLVW7KHFRORUIXO¿HOGSDQHOLVXVHGWRUHFRUGRGRUFKDUDFWHURGRULQWHQVLW\DQGRGRUKHGRQLFWRQH
FORVHXSSUHVHQWHGLQ)LJXUH)LJXUH
(close up presented in Figure 4) 
 
)LJXUH Odor panel used by trained panelist to record odor character, odor intensity and hedonic tone 
)LJXUH±2GRUSDQHOXVHGE\WUDLQHGSDQHOLVWWRUHFRUGRGRUFKDUDFWHURGRULQWHQVLW\DQGKHGRQLFWRQH
7KUHHVHWVRIVLJQDOVLVJHQHUDWHGIRUHDFKVDP-
SOHLQFOXGLQJWKHWRWDOLRQFKURPDWRJUDP7,&WKH
),' VLJQDO DQG WKH$URPDJUDP  7KH$URPDWUD[
VRIWZDUH LV XVHG WR UHFRUG RGRU µHYHQWV¶VLPXOWD-
QHRXVO\ ZLWK FKHPLFDO VHSDUDWLRQV DQG DQDO\VHV
3DQHOLVWVHYDOXDWHRGRUFKDUDFWHULHZKDWLVVPH-
OOVOLNH"DQGLQWHQVLW\KRZVWURQJLVWKHVPHOORQ
WKH VFDOH IURP  WR  DQG WKH KHGRQLF WRQH
7KHKHGRQLFWRQHLVDPHDVXUHRISOHDVDQWQHVVDQG
XQSOHDVDQWQHVVRQWKHVFDOHIURPWR$OORGRU
HYHQWVUHSORWWHGLQWKHDURPDJUDPZKLFKLQFOXGHG
RGRUHYHQWVWDUWDQGHQGWLPHRGRULQWHQVLW\RGRU
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HYHQW DUHD RGRU GHVFULSWRUV DQG WKH QXPEHU RI
RGRUHYHQWVUHFRUGHGGXULQJWKHHQWLUHUXQ1XPEHU
RIGDWDEDVHVH[LVWIRUGHVLJQDWLRQDQGXVHRIFRP-
PRQ RGRU DQG DURPD FKDUDFWHUV VXFK DV /5, DQG
)ODYRUQHW6HQVLWLYLW\RIKXPDQQRVHDQGWKHOHYHO
RI WUDLQLQJYDULHV DQG WKHUHIRUH LW LV UHDVRQDEOH WR
H[SHFWZLGH YDULDWLRQV HVSHFLDOO\ZLWK QRW WUDLQHG
SDQHOLVWV6FUHHQLQJRIGHWHFWLRQVHQVLWLYLW\FKHFNV
ZLWKDURPDVWDQGDUGVFHUWDLQSDQHOLVWHWLTXHWWHUHOD-
WHGWRGLHWSHUVRQDOFDUHDQGZHOOEHLQJDUHFUXFLDO
IRUPDLQWDLQLQJWKHTXDOLW\DVVXUDQFH
7KHUHDUHWKUHHFRPPRQVFHQDULRV
 D FKURPDWRJUDSKLF SHDN DQG QR UHVXOWLQJ
RGRU
 D FKURPDWRJUDSKLF SHDN DQG QR UHVXOWLQJ
RGRU
 QR FKURPDWRJUDSKLF SHDN DQG UHVXOWLQJ
RGRU

 
)LJXUH  Comparison of aromagram and chromatogram from simultaneous chemical and sensory analyses illustrating 
7UDFHOHYHOVRIJDVHV FDXVHVLJQLILFDQWRGRUV
7KH¿UVWVFHQDULRLVTXLWHFRPPRQLHDSSUR[L-
PDWHO\UGRIYRODWLOHVLQW\SLFDOHQYLURQPHQWDOVDP-
SOHVDUHSUHVHQWLQORZFRQFHQWUDWLRQVLHEHORZ'7V
7KHVHFRQGVFHQDULRDOORZVIRUPDWFKLQJRISDUWLFXODU
RGRUZLWKFDXVLQJFRPSRXQG 7KH WKLUG VFHQDULR LV
RIWHQPRVWLQWHUHVWLQJLWLVWKHFDVHZKHQFRPSRXQGV
FDXVLQJRGRUDUHOLNHO\YHU\SRWHQWRGRUDQWVORZ'7V
WKDWDUHSUHVHQWDWYHU\ORZFRQFHQWUDWLRQV$OOWKUHH
VFHQDULRVDUHVXPPDUL]HGLQ)LJXUHEHORZ
)LJXUH  LOOXVWUDWHV FRPSDULVRQ RI FKURPDWR-
JUDPDQGDURPDJUDPRIH[KDXVWDLUIURPDOLYHVWRFN
EDUQ,WLVDSSDUHQWWKDWQRWRQO\WKHDLUVDPSOHLV
FRPSOH[EXWVRLVWKHDURPDJUDP$VPDQ\DV
VHSDUDWHRGRUHYHQWVZHUHUHSRUWHG
 
 
)LJXUH Comparison of aromagram and chromatogram from simultaneous chemical and sensory analyses of exhaust 
7DEOH

)LJXUH±&RPSDULVRQRIDURPDJUDPDQGFKURPDWRJUDPIURPVLPXOWDQHRXVFKHPLFDODQGVHQVRU\DQDO\VHVLOOXVWUDWLQJW\SLFDO 
VFHQDULRVDQGXVHIXOQHVVRI*&062DSSURDFKIRU¿QGLQJDQGLVRODWLQJRGRUFDXVLQJYRODWLOHV
)LJXUH±&RPSDULVRQRIDURPDJUDPDQGFKURPDWRJUDPIURPVLPXOWDQHRXVFKHPLFDODQGVHQVRU\DQDO\VHV 
RIH[KDXVWDLUIURPDOLYHVWRFNEDUQ
ȼɟɫɬɧɢɤɄɚɡɇɍɋɟɪɢɹɯɢɦɢɱɟɫɤɚɹʋ
 6LPXOWDQHRXVFKHPLFDODQGVHQVRU\DQDO\VLVZLWKPXOWLGLPHQVLRQDO*&062OIDFWRPHWU\
7DEOHVXPPDUL]HVRGRUFKDUDFWHUVRGRULQWHQVLW\DQGRGRUKHGRQLFWRQHIRUWKHOLYHVWRFNEDUQDLUDQDO\-
VHVVKRZQLQ)LJXUH
7DEOH 6XPPDU\RIRGRUFKDUDFWHUVRGRULQWHQVLW\DQGRGRUKHGRQLFWRQHIRUWKHOLYHVWRFNEDUQDLU
DQDO\VHVVKRZQLQ)LJXUH

Careful analyses of aromagrams with matching chromatograms enables a variety of useful 
Event
# Odor Character
Odor 
Intensity
Start 
Time
Duration 
Time
Odor 
Area
Hedonic 
Tone
1 Skunky 70 1.48 0.15 1048 -3
2 Skunky 50 1.81 0.11 549 -2
3 Onion 10 2.79 0.14 139 -1
4 Sweet, Buttery 50 3.51 0.41 2046 2
5 Onion 10 4.32 0.15 149 -1
6 Skunky, Sewer 30 6.2 0.14 419 -2
7 Grassy 50 6.5 0.34 1697 2
8 Skunky, Sewer 30 7.11 0.14 419 -2
9 Sewer 10 8.99 0.06 59 -1
10 Onion 10 10.05 0.12 119 -1
11 Mushroom 70 11.45 0.4 2795 2
12 Skunky, Sewer 70 12.5 0.11 768 -3
13 Acidic 50 12.85 0.22 1098 -2
14 Skunky 5 13.97 0.1 49 -1
15 Body odor, Fatty acid 30 14.43 0.2 598 -1
16 Body odor 10 15.14 0.12 119 -1
17 Skunky 50 15.83 0.06 299 -2
18 Body odor, Fatty acid 70 16.13 0.35 2445 -2
19
Body odor, Fatty acid, 
Sweet 70 16.83 0.49 3424 -3
20 Acidic, Fatty acid 10 18.17 0.12 119 -1
21 Acidic, Fatty acid 10 20.34 0.14 139 -1
22 Burnt, Phenolic 10 20.67 0.13 129 -1
23
Burnt, Phenolic, 
Medicinal 50 23.87 1.08 5391 -2
24 Burnt, Phenolic 10 25.39 0.16 159 -1
25
Burnt, Smoky, Phenolic, 
Medicinal 50 26.32 0.7 3494 -2
26 Burnt, Smoky, Roasted 30 28.18 0.8 2396 -2
27
Burnt, Barnyard, Taco 
Shell 30 30.03 0.95 2845 -2
28 Burnt, Medicinal 10 31.28 0.79 788 -1
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&DUHIXODQDO\VHVRIDURPDJUDPVZLWKPDWFKLQJ
FKURPDWRJUDPVHQDEOHVDYDULHW\RIXVHIXODQDO\VHV
6RPHH[DPSOHVRIDSSOLFDWLRQVDUHOLVWHGEHORZ
 ,GHQWLI\LQJOLQNVEHWZHHQDQRGRUDQGDFRP-
SRXQGFDXVLQJLW
 ,VRODWLQJ RGRUFDXVLQJ FRPSRXQGV LQ YHU\
FRPSOH[PL[WXUHVRIYRODWLOHV
 'HWHUPLQLQJWKHHIIHFWVRIFRQFHQWUDWLRQRQ
KXPDQSDQHOLVWUHVSRQVH
 6FUHHQLQJ ODUJHUSRSXODWLRQRISDQHOLVWV IRU
UHVSRQVHVWRFHUWDLQFRPSRXQGDQGFHUWDLQFRQFHQ-
WUDWLRQ
 %UHDNLQJ GRZQ FRPSRXQGV WKDW FRPSULVH
SOHDVDQWRUXQSOHDVDQWVPHOOV
 6ROYLQJRGRUSUREOHPVE\IRFXVLQJRQPLWL-
JDWLRQRIFRPSRXQGVWKDWUHDOO\PDWWHU
 (QKDQFLQJ DURPDWLF FRPSRXQGV ZKHQ FHU-
WDLQDURPDVDUHGHVLUHG
)XUWKHUUHDGLQJRQGHYHORSPHQWDQGDSSOLFDWLRQ
RI PG*&062 WHFKQRORJ\ VSHFL¿FDOO\ DW ,RZD
6WDWH8QYLHUVLW\FRXOGEHIRXQGLQUHIHUHQFHVOLVWHG
LQWKLVDUWLFOH
&RQFOXVLRQV
6LPXODQHRXV FKHPLFDO DQG VHQVRU\ DQDO\VHV DUH
XVHIXOIRUPDQ\UHDOSUREOHPVFRPPRQWRHQJLQHHUV
DQGVFLHQWLVWZRUNLQJZLWKHQYLURQPHQWIRRGSKDUPD-
FHXWLFDOVFRQVXPHUSURGXFWVSHUVRQDOFDUHSURGXFWV
DQG TXDOLW\ DVVXUDQFHTXDOLW\ FRQWURO  6SHFL¿FDOO\
WKLVWHFKQRORJ\FDQEHYHU\XVHIXOWRLVRODWLQJVHSDUD-
WLQJTXDQWLI\LQJDQGUDQNLQJRGRURUDURPDFDXVLQJ
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